Activation of CaMKII as a key regulator of reactive oxygen species production in diabetic rat heart.
Diabetes mellitus is a risk factor for heart failure. Increased reactive oxygen species (ROS) have been proposed as a possible mechanism of cardiac dysfunction in diabetic patients. However, the mechanisms of ROS increase are still elusive. We hypothesized that activation of Ca(2+)/calmodulin-dependent protein kinase II (CaMKII) induced by impaired intracellular Ca(2+) ([Ca(2+)](i)) metabolism may stimulate ROS production in the diabetic heart. Cultured cardiomyocytes from neonatal rats were exposed to high glucose concentrations (25 mmol/L) and ROS levels were analyzed in 5-(and-6)-chloromethyl-2',7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-H(2)DCFDA)-loaded cells by flow cytometry analysis. Exposure to high glucose concentrations for 24h significantly increased CM-H(2)DCFDA fluorescence, which was significantly inhibited by 1,2-bis (o-aminophenoxy) ethane- N,N,N',N'-tetraacetic acid tetraacetoxymethyl ester (BAPTA-AM), a [Ca(2+)](i) chelator, and KB-R7943, an inhibitor of the Na(+)-Ca(2+) exchanger (NCX) in the reverse mode. These results indicate that [Ca(2+)](i) increase by NCX activation may induce ROS increase following exposure to high glucose concentrations. We confirmed that exposure to high glucose concentrations significantly increased [Ca(2+)](i), which was inhibited by KB-R7943. Na(+)-H(+) exchanger (NHE) is a key factor in [Ca(2+)](i) metabolism, and is known to activate NCX by increasing the intracellular Na(+) ([Na(+)](i)) level. We showed that the expression of NHE isoform 1 and NHE activity increased following exposure to high glucose concentrations by evaluating protein expressions and intracellular pH recovery from acid loading. Exposure to high glucose concentrations up-regulated phosphorylated CaMKII expression in cardiomyocytes that was inhibited by KB-R7943. Further, autocamtide 2-related inhibitory peptide (AIP), a CaMKII inhibitor, significantly attenuated the ROS increase following exposure to high glucose concentrations. We confirmed these results obtained in in vitro experiments in an animal model of diabetes. ROS level and components of NADPH oxidase, p47phox and p67phox were up-regulated in streptozotocin-induced diabetic rat heart, which were attenuated by KN-93, a CaMKII inhibitor. Consistently, expression of phosphorylated CaMKII was increased in the diabetic heart. Activation of CaMKII by impaired [Ca(2+)](i) metabolism may be a mechanism of ROS increase in the heart with diabetes mellitus.